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1
VOLTAGE LEVEL SHIFT CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application ser. no. 95110237, filed on Mar. 24, 2006. All

disclosure of the Tatwan application 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a voltage level shift circuit,
and more particularly, to a voltage level shift circuit having a
stabilizing capacitor.

2. Description of Related Art

In some applications of the liquid crystal display (LCD)
driver integrated each of which further comprises a plurality
of data bits. Therefore, when there 1s a state transition 1n the
voltage level shift circuit, these causes a problem of pulling
up the ground terminal voltage, which afifects the state tran-
sition of the voltage level shift circuit.

SUMMARY OF THE INVENTION

Accordingly, at least one objective of the present invention
1s to provide a voltage level shift circuit that utilizes a capaci-
tor coupling effect of a stabilizing capacitor to maintain a
voltage difference between an output voltage of an input
buffer unit and the ground terminal of a level shift unit,
thereby sustaiming state transition capacity of the voltage
level shift circuit.

To achieve these and other advantages and 1n accordance
with the purpose of the invention, as embodied and broadly
described herein, the invention provides a voltage level shift
circuit. The circuit comprises an input butfer unit, a level shift
unit and a stabilizing capacitor. The input buifer 1s coupled
between a first voltage source and a first ground terminal. The
level shift unit 1s coupled between a second voltage source
and a second ground terminal. An mnput terminal of the level
shift unit 1s coupled to an output terminal of the input butfer
unit. The voltage stabilizing capacitor 1s coupled between the
first voltage source and the second ground terminal for main-
taining a voltage difference between the output terminal of
the input butfer unit and the second ground terminal when a
state transition occurs 1n the level shift unit.

In one embodiment, the foregoing level shift unit includes
a first P-type transistor, a second P-type transistor, a first
N-type transistor and a second N-type transistor. The first
P-type transistor and the first N-type transistor are serially
coupled between the second voltage source and the second
ground terminal. The second P-type transistor and the second
N-type transistor are serially coupled between the second
voltage source and the second ground terminal. The gate of
the first P-type transistor 1s coupled to a first node between the
second P-type transistor and the second N-type transistor. The
gate of the second P-type transistor 1s coupled to a second
node between the first P-type transistor and the first N-type
transistor. Furthermore, the gate of the first N-type transistor
1s the input terminal of the level shift unit. The first shared
contact point between the second P-type transistor and the
second N-type transistor 1s the output terminal of the level
shift unit.

In one embodiment, the signals received by the gate of the
toregoing first N-type transistor and the gate of the foregoing
second N-type transistor are complementary. Furthermore,
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2

the voltage value of the foregoing first voltage source 1s
smaller than that of the second voltage source.

In the present invention, a stabilizing capacitor 1s used so
that, when the ground terminal of the level shift circuit has a
change 1n potential due to a transition of the voltage, the
source voltage of the input buifer umit s adjusted accordingly.
Thus, the output voltage of the input buffer unit 1s maintained
at the same driving capability for sustaining a state transition
in the level shift circuit.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the imnvention.

FIG. 11s adiagram of a voltage level shift circuit according,
to one embodiment of the present invention.

FI1G. 2 1s a diagram showing wavelorms of all major signals
according to the present embodiment.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

Retference will now be made 1n detail to the present pre-
terred embodiments of the invention, examples of which are
illustrated 1n the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

FIG. 11s adiagram of a voltage level shift circuit according,
to one embodiment of the present invention. As shown in FIG.
1, the voltage level shiit circuit 100 includes an mput butfer
umt 110, a stabilizing capacitor 120, a level shift unit 130 and
an output buifer unit 140. The input buffer unit 110 1s coupled
between a first voltage source VDD and a first ground ter-
minal GND1. An output terminal of the input buffer unit 110
1s coupled to an mnput terminal of the level shift unit 130. The
stabilizing capacitor 120 1s coupled between the first voltage
source VDD1 and a second ground terminal GND2. An input
terminal of the output butler unit 140 1s coupled to an output
terminal of the level shaft unit 130.

The level shitt unit 130 further includes a first and a second
P-type transistors (PMOS transistors, for short) P1, P2 and a
first and a second N-type transistors (NMOS transistor, for
short) N1, N2. The first PMOS transistor P1 and the first
NMOS transistor N1 are serially coupled between a second
voltage source VDD?2 and the second ground terminal GND2.
The second PMOS transistor P2 and the second NMOS tran-
sistor N2 are serially coupled to the second voltage source
VDD2 and the second ground terminal GND2. The gate of the
first PMOS transistor P1 is coupled to a first node between the
second PMOS transistor P2 and the second NMOS transistor
N2. The gate of the second PMOS transistor P2 1s coupled to
a second node between the first PMOS transistor P1 and the
first NMOS transistor N1. The gate of the first NMOS tran-
sistor N1 1s an mput terminal of the level shift unit 130 for
receiving an output signal BO from the input buffer unit 110.
The gate of the second NMOS transistor N2 1s another input
terminal of the level shift unit 130 for receiving a comple-
mentary signal RBO. In the present embodiment, the comple-
mentary signal RBO 1s a complementary signal of the output
signal BO from the output buifer unit 110. The first node
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between the second PMOS transistor P2 and the second
NMOS transistor N2 1s an output terminal of the level shift
unit 130.

In one embodiment, the input buifer unit 110 comprises
two 1nverters 112 and 114. As shown 1n FIG. 1, the inverters
112, 114 are coupled between the first voltage source VDD
and the first ground terminal GNDI1. The output terminal of
the inverter 112 1s coupled to the mnput terminal of the inverter
114. The output terminal of the mverter 114 1s coupled to the
gate of the NMOS transistor N1. The output butler unit 140
comprises two inverters 142 and 144. The inverter 142 1s
coupled between the output terminal of the level shift unmit 130
and the inverter 144.

When the voltage level shift circuit 100 needs to transform
an mput voltage IN having a lower voltage level to an output
voltage OU'T having a higher voltage level, the input voltage
IN generates an output signal BO after passing through the
iverters 112 and 114. Then, the output signal BO 1s used to
drive the first NMOS transistor N1. When the first NMOS
transistor N1 conducts, the second PMOS transistor P2 con-
ducts as a result of the lowered gate voltage. Hence, the level
shift unit 130 outputs an output voltage OUT substantially
close to the voltage value of the second voltage source VDD2
via the output terminal (the first node point between the
second PMOS transistor P2 and the second NMOS transistor
N2). Because the voltage at the second voltage source VDD?2
in the present embodiment 1s higher than the voltage at the
first voltage source VDD, the output voltage OUT 1s higher
than the mput voltage IN. Next, the output voltage OUT 1s
output after passing through the mnverters 142 and 144,
wherein the voltage value of the output voltage OUT 1s
greater than the voltage value of the mput voltage IN.

However, in applying to a liquid crystal display driving
circuit, multiple groups of voltage level shiit circuits 100 are
simultaneously used for shifting the voltage level. Theretore,
a voltage pull-up of the second ground terminal GND2 may
occur due to a substantial current’s flowing through a con-
ductive wire with some parasitic resistances when the voltage
level shift circuit 100 needs to perform a state transition (for
example, from a low voltage to a high voltage). As aresult, the
voltage difference between the gate and the source of the first
NMOS transistor N1 1s reduced and the channel resistance 1s
increased so that the state transition in the voltage level shiit
circuit 100 1s affected. Thus, 1n the present embodiment, a
stabilizing capacitor 120 1s added to improve the situation.
When the voltage of the second ground terminal GND2
increases due to the state transition, the stabilizing capacitor
120 disposed between the first voltage source VDDI1 and the
second ground terminal GND2 generates a voltage coupling
cifect so that the voltage value of the first voltage source
VDD1 1s substantially increased simultaneously. As the volt-
age value of the first voltage source VDDI1 increases, the
output voltage of the inverter 114 also increases. Hence, the
driving voltage of the first NMOS transistor N1 (the voltage
difference between the gate and the source) 1s maintained so
that the state transition of the voltage level shitt circuit 100
can be elffected smoothly.

FIG. 2 1s a diagram showing the waveform of all major
signals according to the present embodiment. As shown 1n
FIGS. 1 and 2, when the voltage level shift circuit 100 mitiates
a state transition (at time t ), the gate voltage V_,;, of the first
NMOS transistor N1 changes from a low voltage level to a
high voltage level. Thus, the voltage value of the second
ground terminal GND2 increases and leads to an increase 1n
the voltage at the source terminal of the first NMOS transistor
N1 as indicated by the signal wavetorm of the second ground
terminal GND2 in FIG. 2. In the present embodiment, the
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stabilizing capacitor 120 1s coupled between the first voltage
source VDD1 and the second ground terminal GND?2. There-
fore, through the voltage coupling effect of the stabilizing
capacitor 120, when the voltage value of the second ground
terminal GND2 increases, the voltage value of the first volt-
age source VDD increases correspondingly and also leads to
an increase 1n the gate voltage V_,,, ot the first NMOS tran-
sistor N1 as indicated by the index I, . Thus, during the tran-
sition period 1, the voltage different V_ between the gate and
the source of the NMOS transistor 1s maintained at an i1den-
tical level so that the driving capability of the first NMOS
transistor N1 1s sustained to complete the state transition in
the voltage level shift circuit 100.

The present invention uses a stabilizing capacitor to adjust
the output voltage of the input builer unit according to the
change 1n the ground terminal voltage so that the state tran-
sition driving capability of the level shift unit can be main-
taimned. Thus, the voltage level shift circuit can complete the
state transition smoothly.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations

of this mvention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A voltage level shift circuit, comprising:

an input butlfer unit, coupled between a first voltage source
and a first ground terminal;

a level shift unit, coupled between a second voltage source
and a second ground terminal, wherein an mnput terminal
of the level shift unit 1s coupled to an output terminal of
the input buifer unit; and

a capacitor, coupled between the first voltage source and
the second ground terminal for maintaiming a voltage
difference between the output terminal of the input
buffer unit and the second ground terminal.

2. The voltage level shitt circuit of claim 1, wherein the
input buller unit comprises a first inverter coupled between
the first voltage source and the first ground terminal such that
an output terminal of the first inverter 1s the output terminal of
the input buifer unit.

3. The voltage level shiit circuit of claim 2, wherein the
input bufler unit comprises a second inverter coupled
between the first voltage source and the first ground terminal
such that an output terminal of the second inverter 1s coupled
to an mput terminal of the first inverter.

4. The voltage level shiit of claim 1, wherein the level shift

unit comprising:
a irst P-type transistor, wherein the first P-type transistor
and a first N-type transistor are serially coupled between

the second voltage source and the second ground termi-
nal; and

a second P-type transistor, wherein the second P-type tran-
sistor and a second N-type transistor are serially coupled
between the second voltage source and the second
ground terminal;

wherein the gate of the first P-type transistor 1s coupled to
a first node between the second P-type transistor and the
second N-type transistor, the gate of the second P-type
transistor 1s coupled to a second node between the first
P-type transistor and the first N-type transistor, and fur-
thermore, the gate of the first N-type transistor 1s the
input terminal of the level shift umt and the first node
between the second P-type transistor and the second
N-type transistor 1s an output terminal of the level shift
unit.
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5. The voltage level shift circuit of claim 4, wherein the gate a third inverter having an input terminal coupled to the
of the first N-type transistor and the gate of the second N-type output terminal of the level shift unit; and
transistor receive complementary signals. a fourth inverter having an input terminal coupled to an
6. The voltage level shift circuit of claim 1, wherein the output terminal of the third mverter. - _
5 8. The voltage level shift circuit of claim 1, wherein the

level shift unit comprises an output buffer unit having an input

terminal coupled to an output terminal of the level shift unit. voltage value of the first voltage source 1s smaller than that of

. , _ the second voltage source.
7. The voltage level shiit circuit of claim 6, wherein the

output butfer unit comprising: £k % k%
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